Osteoarticular infection is an uncommon presentation of Q fever. Positron emission tomography (PET) scanning is a valuable tool for the diagnosis of Coxiella burnetii graft prosthesis infection and endocarditis. Our objective was to test a series of culture-negative osteoarticular samples using molecular assays for Coxiella burnetii. We tested for C. burnetii by molecular assays targeting the IS1111 and the IS30A spacer regions, using culture-negative osteoarticular samples obtained in our laboratory between January 2011and December 2012. We examine a total of 1,410 osteoarticular samples, and we observed two cases of arthritis and subacromial bursitis caused by C. burnetii. The infections were localized using PET scanning, and the diagnosis was confirmed through serology. For one, a C. burnetii strain with a multispacer sequence type 8 genotype was isolated from synovial fluid culture. Q fever articular infections could be undiagnosed because of the long evolution of articular attack, and patients with high antibody titers against C. burnetii should be tested using PET scanning to localize the site of infection.
Q
fever is a worldwide zoonosis caused by Coxiella burnetii (1) . Infective endocarditis is a serious complication of Q fever and can be fatal without treatment (2) . The progression of infection occurs predominantly in patients with underlying cardiovascular abnormalities (2) . Osteoarticular infection is an uncommon presentation of Q fever, representing approximately 2% of the reported Q fever cases in a large serologic study that extended over 14 years in France (3) . Approximately 20 cases of Q fever osteoarticular infections have been reported, and chronic osteomyelitis is the most common manifestation, followed by vertebral spondylodiscitis and paravertebral abscess cases (4, 5) . C. burnetii has also been identified as the infectious agent of native hip joint infections following arthroplasty resection, and recently, C. burnetii has been implicated in a prosthetic joint infection (5) . To date, two cases of tenosynovitis have been reported (6) .
Positron emission tomography (PET) scanning has been proposed as a promising tool for the identification of occult infectious foci, particularly in culture-negative infected cardiovascular devices, such as C. burnetii-infected vascular grafts. PET scanning has been routinely employed to identify inflammatory and infectious diseases, as inflammatory cells take up a significant amount of fluorodeoxyglucose (7) . Thus, numerous case reports and a few preliminary studies have shown much promise for the use of PET scanning in the setting of vascular infections (7) . PET imaging is a valuable tool for the diagnosis of C. burnetii graft prosthesis infection and has also been used for the diagnosis of C. burnetii endocarditis (8, 9) . Because of its nonspecific clinical presentation, Q fever osteoarticular infection is likely underestimated, and thus the objective of the present study was to test a series of culturenegative osteoarticular samples using molecular assays for C. burnetii. We observed two C. burnetii-positive samples. For these two patients, the results of the molecular analyses were confirmed through serology, and C. burnetii active lesions were localized using PET scanning.
MATERIALS AND METHODS
Sample collections. We retrospectively tested culture-negative osteoarticular samples obtained in our laboratory between January 2011and December 2012. All samples, cultured on Columbia 5% sheep blood agar plates (bioMérieux, Marcy l'Etoile, France), were negative after 5 days of incubation. The samples were obtained from hospitalized patients and outpatients and were sent to our laboratory under sterile conditions frozen (Ϫ20°C) or in dry ice (Ϫ80°C). All samples were handled under sterile conditions at Ϫ80°C to avoid cross-contaminations until further analysis.
Molecular assays. DNA was extract from the samples using a QIAamp tissue kit (Qiagen, Hilden, Germany) according to the manufacturer's recommendations. The DNA extracts were used as templates in a realtime PCR (RT-PCR) assay targeting the IS1111 and the less sensitive IS30A spacer regions as previously described (10, 11) . The results were considered positive when both spacer regions were confirmed through RT-PCR analysis. The quality of DNA handling and the extraction of samples were verified using RT-PCR for a housekeeping gene encoding beta-actin (12) . The results were considered negative when RT-PCR analysis for C. burnetii was negative for both spacer regions and the threshold cycle (C T ) values of the beta-actin control gene were Յ30.
RESULTS
We examine a total of 1,410 osteoarticular samples and observed two patients with positive RT-PCR results. The detailed histories for the patients are described below. Case 1. A 60-year-old man from southern France was admitted to the hospital in November 2011 for an inflammatory pain in his right ankle for 6 months. Upon examination, his right ankle was swollen and painful, with decreased joint amplitude. A tibiotarsal cyst was removed from his right ankle, and the histological analysis showed a benign cyst with hyaline necrosis of the superficial coating and fibrous remodeling of the cyst wall. Immunohistochemical staining for C. burnetii was negative, and standard culture was negative after 5 days. However, when we retrospectively examined this sample using RT-PCR, both the IS1111 and the IS30A spacer regions were positive. To confirm this result, the serum was sampled using an indirect immunofluorescence assay (IFA), which showed that the IgG, IgM, and IgA antibody titers against phase I and phase II C. burnetii antigens were positive (13) ( Table 1 ). However, RT-PCR for C. burnetii was negative for all serum samples from this patient. Transesophageal echocardiography (TEE) did not show signs of valvulopathy. The culture of the cyst onto human embryonic lung (HEL) fibroblasts in shell vials (12) was also negative. PET scanning revealed a tibiotarsal joint fixation as the location of C. burnetii infection (Fig. 1) . A course of 200 mg of oral doxycycline once per day with 200 mg of hydroxychloroquine three times per day for 18 months was introduced. Thus, the diagnosis for this patient was arthritis from C. burnetii infection.
Case 2. A 53-year-old woman from southern France without fever was admitted to the hospital in May 2012 for swelling of the left shoulder for 2 weeks and weight loss (approximately 15 kg) over the last 3 months (body mass index [BMI] ϭ 17.5 kg/m 2 ). The patient had visited an animal farm a few weeks before the swelling developed. Upon examination, her left shoulder was swollen and painful, with decreased joint amplitude and no signs of infection and lymphadenopathy. The patient had a history of psoriatic arthritis and had been treated with methotrexate (15 mg/week) for the last year. The synovial fluid analysis of the shoulder bursitis aspiration revealed nonpurulent inflammation (5 ϫ 10 9 /liter leukocytes with 90% polymorphonuclear cells). The blood cultures and synovial fluid were sterile after 5 days of culture. Surprisingly, the RT-PCR analysis revealed that the synovial fluid was positive for the IS1111 and the IS30A spacer regions. The IFA showed that the IgG, IgM, and IgA antibody titers against phase I and phase II C. burnetii antigens were also positive, although RT-PCR analysis for C. burnetii was negative (Table 1) . C. burnetii was isolated from synovial fluid culture using the shell vial method (12) . This isolate was susceptible to doxycycline (MIC ϭ 0.25 g/ml) (14) , and multispacer sequence typing (MST) (13, 15) revealed an MST8 genotype, which is frequently detected in patients from France (13, 15) . PET scanning showed high metabolic activity in the left shoulder bursitis and regional lymphadenopathy (Fig. 2) . A course of 200 mg oral doxycycline once per day with 200 mg hydroxychloroquine three times per day for 18 months was introduced. The diagnosis for this patient was C. burnetii subacromial bursitis in the context of antimetabolite therapy. 
DISCUSSION
We report 2 cases of Q fever articular infections identified through molecular analysis. The infections were localized using PET scanning, and the diagnosis was confirmed through serology and culture for patient 2. Molecular methods are critical for the detection of infectious bacteria in osteoarticular specimens. However, these bacteria are difficult to detect using a single molecular approach, and clinical microbiology laboratories commonly use universal 16S rRNA gene amplification and sequencing for the identification of the causative agents (16) . Nevertheless, this method has been reported to lack sensitivity, particularly for fastidious bacteria, such as C. burnetii (16) . Thus, given the low sensitivity of eubacterial PCR, infections resulting from fastidious organisms are not excluded in cases of negative 16S rRNA gene PCR results. Our specific RT-PCR assay for the detection of C. burnetii was sensitive and capable of detecting 10 2 bacteria/ml (10). Moreover, each positive result was confirmed through the amplification of a second specific gene of C. burnetii to avoid false-positive results, and the quality of DNA extraction was verified for all samples (12) .
PET scanning has been used for the identification of infectious foci in C. burnetii vascular infections (8, 9, 17) and in a case of Q fever in the bone marrow (18) . PET scanning has higher sensitivity than computed tomography (CT) scanning for the evaluation of the extent and localization of infections (8, 9, 17) . In the present study, PET scanning was demonstrated as a valuable tool for the diagnosis of C. burnetii articular lesions. Indeed, C. burnetii lesions were localized on the tibiotarsal joint for patient one and on left shoulder bursitis for patient two. Thus, we suggest that PET scanning should be used as a complementary exam for patients with high C. burnetii antibody titers to localize the site of C. burnetii infection.
Articular infection is an uncommon clinical entity of Q fever, and 4 cases (including the 2 cases presented here) of C. burnetii articular infections have been reported. Landais et al. reported two cases of tenosynovitis in one male and one female patient (6) . Both patients presented carpal tunnel syndrome and complained of wrist swelling and arthralgia in the hands and shoulders, without inflammatory signs. Similar to our patients, both patients had increased IgG and IgA antibodies and absent IgM antibodies (6) . Persistent Q fever infections have been associated with increased levels of IgG and IgA antibodies (19, 20) . Moreover, the PCR analysis of the synovial fluid collected from one patient and the peroperative samples obtained from the other patient showed positive results for C. burnetii. Despite limited data concerning therapeutic strategies for Q fever osteoarticular infections, a regimen of doxycycline and hydroxychloroquine for 18 months has been recently suggested (6, 21) . Our patients have been treated with a course of doxycycline and hydroxychloroquine for 18 months.
In conclusion, Q fever articular infections may be undiagnosed because of the long evolution of articular attack, which is accompanied by a low level of biological and inflammatory signs, as well as the negative results of conventional cultures and 16S rRNA gene PCR analyses. Based on the results of the present study, we routinely employ the amplification and sequencing of the 16S rRNA gene and the fungus-specific universal internal transcribed spacer (ITS) gene as well as RT-PCR analysis of Staphylococcus aureus, C. burnetii, and Tropheryma whipplei for all culture-negative osteoarticular samples. Patients with high antibody titers against C. burnetii should be tested using PET scanning to localize the site of infection. Thus, clinicians should consider C. burnetii in the diagnosis of undetermined culture-negative articular infections with a long evolution.
